The purpose of this study was to describe the clinical characteristics of fungal keratitis caused by Candida albicans in an eye after Descemet stripping automated endothelial keratoplasty (DSAEK). A 72-year-old male with a history of three trabeculectomies, cataract surgery, and two DSAEK procedures developed a corneal ulcer in his right eye two years after his last DSAEK. Fungal keratitis was most likely related to the immunosuppressive conditions that occurred due to the previous operations, the continuous use of steroid eye drops, and the use of disposable soft contact lenses. A smear and culture from the ulcer detected Candida albicans. Slit-lamp examination showed the characteristic feature was the presence of interface infiltrates located between the host and the graft cornea and in the enlarged area around the ulcer. Two weeks after intense antimycotic treatments with voriconazole, miconazole, and natamycin, perforation of the cornea occurred and further therapeutic penetrating keratoplasty was required. Histological analysis revealed an accumulation of infiltrated cells and fibrotic tissue. The poor prognosis for fungal keratitis that occurs in eyes after undergoing DSAEK may be related to the rapid expansion of inflammatory cells through the interface between the host and the graft. In eyes that develop fungal keratitis after DSAEK, special attention should be paid to the possibility that perforation could occur in these patients.
Introduction
Descemet stripping automated endothelial keratoplasty (DSAEK) has proven to be an excellent method for treating bullous keratopathy. However, since the occurrence of infectious keratitis can be related to non-physiological conditions, patients undergoing DSAEK need to be carefully evaluated after the procedure. After the DSAEK procedure, the corneal graft is weakly attached to the host cornea with the help of the pump function of endothelial cells. Use of anterior ultra-high-resolution optical coherence tomography (OCT) makes it possible to detect the interface between the host and the graft at all times.
When infectious keratitis occurs after DSAEK, the most commonly isolated causative organism has been reported to be Candida albicans. 1, 2 Recent development of newer antimycotic agents has led to a much better prognosis for patients with fungal keratitis caused by C. albicans. In particular, voriconazole has been shown to have an especially good sensitivity for C. albicans isolated from fungal keratitis. 3 However, most of the fungal keratitis that occurs in eyes after the DSAEK procedure requires that patients undergo further surgical treatments. Despite the good sensitivity of the antimycotic agents, these patients have been reported to have a poor prognosis. [4] [5] [6] [7] [8] [9] In order to better understand this condition, our current study further examined the specific clinical characteristic features of fungal keratitis found in eyes after the DSAEK procedure.
Case report
A 72-year-old man began to complain of ocular pain, discharge, and conjunctival injection in his right eye in October 2012. The patient had a history of cataract surgery and three filtering surgeries due to secondary glaucoma with uveitis in his right eye. Due to bullous keratopathy in the same eye, he had previously undergone DSAEK in 2008, and again in 2010. During this time, he was continuously prescribed 0.1% predonisolone eye drops four times daily, and he sometimes used disposable soft contact lens (DSCL) to help resolve the pain. His general history included diabetes mellitus and hypertension. At his first visit to the Nagata Eye Clinic, in October 2012, slit-lamp examination demonstrated a small, whitish infiltrate, starting at the superficial stroma and continuing until one-third the stromal depth at the 8 o'clock area ( Figure 1 ). Since an infectious corneal ulcer was suspected, the doctor on call prescribed topical 1.5% levofloxacin eye drops. When the patient returned to the clinic on the ninth day after his initial visit, he was still continuously wearing the DSCL. Slit-lamp examination showed that there was an enlarged deep corneal stromal infiltrate ( Figure 2 ). A smear of corneal scraping revealed yeast that was later identified as C. albicans ( Figure 3 ). The characteristic finding observed during the slit-lamp examination was the presence of interface infiltrates between the host cornea and the graft around the corneal ulcer. Topical and general antifungal therapy was started, which included 1% voriconazole and 0.1% miconazole eye drops every hour, application of natamycin ointment prior to sleep, 1.5% levofloxacin four times daily, and 1% atropine eye drops once daily. Additionally, we continued an intense antimycotic treatment of 400 mg/day of oral voriconazole and an intrastromal injection of voriconazole. The day after the injection, a blood influx from the neovascularization was observed in the interface space between the host cornea and the graft (Figure 4) . Two days later, perforation of the cornea occurred at the temporal site with the shallow anterior chamber. Therapeutic penetrating keratoplasty, with removal of the intraocular lens and anterior vitrectomy, was performed. During this procedure, detachment of the graft from the host cornea was observed. Subsequently, we continued both the topical and systemic antifungal therapy; one month later there 
Discussion
Recent improvement in antimycotic agents has made it possible to successfully treat fungal keratitis caused by C. albicans. However, despite the effectiveness of these antimycotic agents, a poor diagnosis remains in patients who develop fungal keratitis after DSAEK.
4-8 Although we did not perform any sensitivity tests for the antimycotic agents used in the current case, empirical data suggest that both voriconazole and miconazole are effective against C. albicans. 3 During the early observation period in this patient, slit-lamp examination revealed the presence of interface infiltrates between the graft and the host cornea. Although endothelial plaque is a characteristic phenomenon seen in fungal keratitis, we were able to distinguish the interface infiltrates from the endothelial plaque. Based on the organisms and inflammatory cells that we observed during the operation, we speculate that these cells and organisms can easily spread through the interface space between the host cell and the graft in eyes that have undergone the DSAEK procedure. Thus, this may be one of the reasons for the poor prognosis that is seen in these patients. Although delayed diagnosis and intrastromal injection could be the reason for the perforation in our current patient, previous reports have suggested that fungal keratitis that occurs after DSAEK might develop within the deep corneal stroma. [3] [4] [5] [6] [7] Therefore, due to a tendency of easy perforation, it is likely that DSAEK-treated eyes will need post-surgical treatments more frequently than non-DSAEK-treated eyes. Unfortunately, these previous reports did not present any clinical photographs that clearly showed the interface infiltration. In the current case, we believe that the organisms could be found during the patient's first visit in October 2012 were due to a combination of the immunosuppressive condition related to the prednisolone eye drops, the postoperative condition, and continuous DSCL use. We do not believe that the organisms were transmitted from donor to host during the DSAEK operation. Nonetheless, the phenomenon in which the organisms and inflammatory cells spread in the interface space can be observed in eyes that develop primary and secondary fungal keratitis after DSAEK.
Our current findings also indicated that any injected liquid will flood into the interface space, due to the weak attachment of the graft. Thus, intrastromal injection should be avoided when fungal keratitis occurs in an eye after DSAEK.
In order to ensure a better prognosis for this disease and to determine the most appropriate treatment for fungal keratitis that occurs in eyes after DSAEK, we will need to accumulate more data from further studies.
Conclusion
Interface infiltrates between the donor and host cornea around a corneal ulcer are a characteristic feature of fungal keratitis that occurs in eyes after DSAEK. Due to the possibility of corneal perforations, special attention needs to be paid to patients with fungal keratitis, especially in eyes that have undergone DSAEK.
